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METHOD FOR THE DETERMINATION OF 
HDL CHOLESTEROL BY MEANS OF A 
RAPID DIAGNOSTIC AGENT WITH AN 
INTEGRATED FRACTIONATING STEP 

5 

This application is a Division of Ser. No. 09/114,361 
filed Jul. 14, 1998 which is a continuation of Ser. No. 
08/661,833 filed Jun. 11, 1996 now U.S. Pat. No. 5,786,164. 

The invention concerns a method for the quantitative 
determination of HDL (High Density Lipoprotein) in bio- 10 
logical fluids and an agent suitable therefor. 

Total cholesterol in blood, plasma or serum is one of the 
best known parameters for assessing the extend of risk of a 
coronary heart disease. However, the concentration of total 
cholesterol is only of limited value for the assessment of 15 
individual risk. The measurement of the cholesterol in the 
lipoproteins of low density (Low Density Lipoproteins= 
LDL) on the one hand and in the lipoproteins of high density 
(High Density Lipoproteins=HDL) on the other hand is 
more meaningful. Epidemiological and clinical studies have 20 
shown that there is a positive correlation between LDL 
cholesterol and coronary heart disease and a negative cor- 
relation between HDL cholesterol and coronary heart dis- 
ease. 

As a close approximation the determination of the HDL 25 
as well as the total cholesterol is sufficient for an assessment 
of risk. This course is preferably followed at present in 
diagnostic practice. 

The other lipoprotein classes (LDL, VLDL, 
chylomicrons) which are present have to be separated in 30 
order to determine HDL cholesterol separately. The potential 
methods of separation are based on differences in the flo- 
tation densities (sequential flotation or equilibrium 
sedimentation, both in the ultracentrifuge), on different 
surface charges (electrophoreses on paper or agarose as 35 
carrier) or on differences in the apolipoproteins 
(immunochemical methods using specific antibodies). All 
these methods of separation are expensive, time-consuming 
and not established in routine laboratories. Precipitation 
reactions (in Monographs on Atherosclerosis, Vol. 1 1 40 
(1982), Clackson, T. B., Kritchevsky, D., Pollak, O. J. eds; 
Lipoprotein Precipitation, Burstein, M, Legmann, P. and in 
Meth. in Enzymology, Vol. 129 (1986)) whose specificity 
depends on the particle dimension and the surface charge are 
cheap, relatively easy to handle and therefore widespread. 45 
Polymeric substances serve as precipitation reagents, and 
these are usually of a poly anionic nature. Polymers which 
are uncharged are also suitable. The polyanions usually need 
bivalent cations in order to develop their precipitating effect, 
while the uncharged polymers do not require them. ' 50 

The experimental procedures and the concentrations 
which are used for the combined precipitation agents are 
designed to quantitatively precipitate all lipoproteins except 
. HDL, to separate these precipitates from the liquid fraction 
of the sample in a suitable manner and subsequently to 55 
quantify the HDL in the liquid fraction of the sample by 
means of a cholesterol assay. For this, depending on how the 
test is carried out, a defined volume of precipitating agent (in 
suitable concentrations) is mixed intensively with a defined 
volume of the sample to be determined. It is the state of the 60 
art to allow a reaction time of at least 10 minutes for the 
precipitation and only after this time interval has elapsed to 
separate sedimented non-HDL lipoprotein precipitates and 
HDL remaining in the liquid fraction by centrifugation. The 
centrifugation step also needs some time. 65 

This method is much too time-consuming for a routine 
test. In addition, centrifugation steps with subsequent sepa- 



ration of the supernatant need complicated additional equip- 
ment and a transfer step. The required pipetting procedure in 
which a defined amount of supernatant is taken is, in 
addition, a source of error which can lead to less precise 
measurements. 

It is therefore the object of the invention to avoid the 
disadvantages of the state of the art and to provide a method 
for the separation of non-HDL lipoproteins from biological 
fluids which can be carried out more rapidly and without 
complicated additional equipment and which allows a more 
rapid and a simpler HDL cholesterol determination. 

The object is achieved by a method for the separation of 
non-HDL lipoproteins from biological fluids, in which, the 
biological fluid containing non-HDL lipoproteins is applied 
onto a carrier through which liquids can flow and which 
contains a precipitating agent for non-HDL lipoproteins. The 
invention also provides an agent for the separation of 
non-HDL lipoproteins and a rapid diagnostic agent which 
contains this agent. 

It was found that the precipitation of the non-HDL 
lipoproteins proceeds particularly rapidly and specifically 
with conventional, well-known precipitating agents when 
these precipitating agents are applied in a finely dispersed 
form onto a carrier through which liquids can flow and the 
sample has to flow through this carrier. In general, the 
precipitation takes less than 1 min. Carriers through which 
liquids can flow are: papers, fabrics made of synthetic fibres 
such as e.g. polyester or polyamide or others, fabrics made 
of natural fibres such as cotton, silk or others or rnixtures of 
these materials. In this connection, the structure of the 
fabrics can be monofilament or multifilament, multifilament 
forms being preferred. 

The fibres which compose the carrier through which 
liquids can flow preferably have a fibre diameter from 3 to 
100 urn, preferably 5 to 50 um. The carrier has in particular 
a weight per unit area of 10 to 100 g/m 2 , preferably 10 to 50 
g/m 2 at a thickness of 0.030 to 0.150 mm, and the ability to 
absorb water is 25 to 100 g/m 2 , preferably 40 to 70 g/m 2 at 
the thicknesses mentioned above. 

Other suitable carriers are arrangements of glass fibres 
and mixtures of glass fibres with the fibres mentioned above 
through which liquids can flow— preferably in the form of- 
fleece — and membranes in different forms. The membranes 
should have hydrophilic properties, a thickness between 
20-250 um, preferably 70-150 um and pore sizes between 
0.2-20 um, preferably 5-15 um. 

The transport of liquid in these carriers is based on 
capillary forces. 

The precipitating agents are preferably applied to the 
carrier by impregnating the carrier with a solution, emulsion 
or suspension of the precipitating agent and subsequent 
drying. In this process other useful additives such as pH 
buffer substances or detergents etc. can also be applied. 

In this construction all chemical compounds are suitable 
as precipitating agents which can also be used in a "wet 
chemical" process for the precipitation of lipoproteins as 
long as they dissolve quickly enough in the sample solution. 
Certain polyanions in combination with bivalent cations are 
in particular known. Examples of these include combina- 
tions of phosphotungstic acid and magnesium chloride, of 
heparin and manganese (II) chloride or of dextran sulphate 
and magnesium chloride. It should be noted that, in 
principle, each polyanion can be combined with each of the 



three cations (Mg 2+ , or Mn 2+ , or Ca 2+ ) which results, 
however, in slight differences in their capacity to precipitate 
lipoproteins (Burstein, 1986). The concentration of the cho- 
sen cation can be adapted accordingly in order to specifically 
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Sough which liquids can flow. Dexttan sulphate with a non-HDL lipoproteins have been separated accord ng to Jhe 

SeclT Sight of 50000 combined with Mg 2 * is, method described above, .s brought into contact with 

however preferred in which case Mg 2+ is preferably used in reagents which are necessary and/or useful for carving out 

57S of nSesium acetate. In principle, magnesium «0 me test reaction, for example a test reaction for choleste^L 
SpE^iumchloridea^ma^siumaspanatecan 

The concentration of the precipitating agent can be terol concentrations (0-100 mg/dl). They can for example, 
maSed «£uTto me volmne ^ me sample to be exam- also be present in the form of a film or a coatmg on a porous 
matthea exactly to me voiume op ^ embodiments of reagent forms are known to 

The non-HDL Upoproteins are precipitated by bringing a the man skilled in the art. A Mm . ina ti tm „f 

sample into contact with the carrier through which liquids An embodiment of a method for the dettrmmatton of 

c» toTwTltoch contains the precipitating agent. The HDL cholesterol which contains the preferred embodiment 

nrecStion reaction Ts started thereby The time interval for separating the non-HDL lipoproteins is shown ,n FIG. 1. 

^SS^^^^^^^^ 20 A rapid (1) contams seve yeK 

aapnt on the orecimtating agent carrier can be adjusted in a carrier in a casing (2). 

sSe n^eTb^vS me suction pressure by means of A fibre mesh (5) with a separating capacity for ^lipopro- 

S eSm vmuTs or the hydrophilicity of the carrier. tein precipitates which is adjusted to the cho en sample 

SeSelflo ^mesofmesaLpletooughthecarrierare volume is underneath a earner <^J%**^% 

verl tanortant for the test performance. The precipitate 25 flow and which is impregnated with a precipitating agent (4). 

SaZ Ts^omplered Sr kss man one minute, attest Adjoining this is a suitable absorptive cholesterol detenmn- 

vTS ca ,0 se'e and the hquid can be removed from the ing test film (6) which is capable of 

carrier material This can be effected continously or precipitate from the fibre mesh The test film is coated on a 

d^ontinuuslv for exampTe by decanting, using gravita- transparent foil (7). The determination is started by applying 

The fluid is preferably drawn 30 the sample liquid over the carrier containing the precipitat- 

STVfiXS Sr b" capillary forces in which the ing agent. The measurement signal which develops can be 

mlciphateTnon-HDL hpoproteiiTare separated. This pro- evaluated visually or photometrically from the foil side of 

™»ec r^niiirpQ that the carriers are in contact with one another. the construction. 

Tie reS on 5 L"^by other methods such as This simple design is not well-suited for the -estigation 

SSjSTtaSVtoble even though this is also 35 of whole blood. If whole blood* to be usee ^"^eUuto 
oossMe without losing the advantage of the fast precipita- blood components are preferably separated in a layer (3) in 

possible witnout wsmg g v fr0 nt of the carrier for the precipitating agent e.g. by agents 

b0 "t was found that lipoprotein precipitates which are which are described in detail in DE-A-30 29 579- 

formed ly taction of a combination of polyanions and the With regard to the "^^^SS^Z 

Sentcations mentioned aboveon biological samples can 40 of enzymatic reactions, the ; g 60 ^.^^. 0 *^ 

v .„ „„h ;„ o m »ch nf fihre« test design can also be so chosen that the cholesterol test is 

* S^S^cf -SSt. inlbe mesh is preferably separately time from the previous reaction *eps. ^ 

disced GlaTs fibres, ceUulose fibres, polyamide fibres allows a controlled regulation of the temperature of the test 

polyester Ses or mixtures thereof are preferably used step. A corresponding test construction is outlined in DE-A- 

uS SS. S fibres and mixtures with the fibres 45 3130749. The preferred consmiction of a rapid diagnostic 

mentioned^bove are particularly preferred. The fibres which agent for HDL in a test smp form (1 1) is shown in FIG 1 

S up me mlsh preferably have a diameter of 0.2 to 10.0 A fibre mesh (15), a carrier through which ^ hquids can flow 

urn oreferablv a diameter of 0.5 to 5.0 fun. The mesh has a and which contams a precipitating agent (14) as well as a 

^ P ?un y it area^f 20 to 50 g/m*, preferably 23 to 30 separating layer for cellular components < 3) ^mounted 
^and ampacity to absorb water of 250 to 500 g/m* 50 on top of one another on a W£^<J2>- 

prefe ra blyof3Lto42og/m 2 thicknessof0.19to0.23mm. mesh (15) protrudes from under the carnen i(13) and (14 

SL containing glass fibres, their possible spatial towards a flap. The flap, which consists of a transparent foil 

arrSemTnt and the dimension of the fibres are described in (17) and a test film for cholesterol ( 6) is attached to the 

detail in DE 30 29 579. Furthermore, the mesh of fibres can supporting foil (12) via an adhesive join (18). 

S^SbytheadditS ™* "ample «> be investigated is apphed ^to the layer (3) 

of) Sank Tamre (e.g. water glass) or organic nature and flows through thelayers (14) and (1 5) ; *™^f * e 

(e rnohmers such as polyvinyl acetate, polyacrylic acid non-HDL lipoproteins are separated, into the mesh (15) 

rinaL the fibres at those positions where they are in contact with the test layer (16) onto the layer (15). The change in 
^Sl^^l^i**^****^ 60 colour can be followed by means of a photometer or a 

dereTmrTgh the whole mesh arid it can also leave it when in FIG. 1 lateral separatmg capacity of the fibre mesh is also 

fee me* In tins way the separation of precipitated non- major advantages over the known methods. It is possible to 
SDrUpoprorei;; T and non'precipitated HDL can be also use particularly small liquid volumes. The handling of 
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the device according to the present invention is very simple. 
Only two basic handling steps are necessary, namely the 
application of a liquid sample and the reading of a measure- 
ment after a particular time. Other instruments are not 
needed apart from a suitable photometer in the case of a 
quantitative determination. Transfer steps are not needed. 
All types of blood, even whole blood, can be easily used 
when a separating pad for cells is used first. If anticoagulants 
have been added to the sample to be examined, it is 
recommended that their effects on the determination be 
compensated. The separation of non-HDL lipoproteins can 
be carried out in less than 60 sec. The dosage of the sample 
volume is greatly simplified. 

Examples for the invention are given in the following: 

EXAMPLE 1 

Precipitating agent carrier (14 or 4) for EDTA plasma 
A multifilament polyester fabric (100 um mesh size, 105 
um fabric thickness, 55 threads per cm, with 815 1 water 
passage per m 2 and sec) is impregnated with a solution of the 
following composition: 



10 



15 



20 



A coating of ca. 63 ml/m 2 is obtained with this carrier. 
EXAMPLE 4 

Test film 

A dispersion of the following composition: 



K/Na phosphate buffer, 0.5 M; pH 7.0 
Keltrol F 
Ti0 2 (powder) 

dioctyl sodium sulphosuccinate 
poly vinylpropionate dispersion 
(50% in H 2 0) 

diatomaceous earth (Celatom (MW 25) 
phenylsemicarbazide 
2(4-hydroxy-3,5-dimethoxyphenyl)-4- 
' (4-dimethyl-aminophenyl)-5-methyl- 
irnidazole-dihydrochloride 
methanol 
H 2 0 

cholesterol esterase 
cholesterol oxidase 
peroxidase 
hexanol 



17.14 g 
0.19 g 
0.31 g 
0.40 g 

11.70 g 

17.65 g 
0.025 g 
0.061 g 



1.74 g 
46.28 g 
23700 U 
6500 U 
230000 U 
2.07 g 



Hepes buffer, 50 mM; pH 7.0 78.00 g 

magnesium acetate x 4R>0 15.68 g 

dextran sulphate (MW 50000) 2.57 g 

bovine serum albumin 178 g 



25 



A coating of ca 57 ml/m 2 is obtained. 

After drying under a flow of warm air the impregnated 
fabric is cut into suitable unit areas which match the corre- 
sponding test procedure and they are integrated into the test 
construction. 

EXAMPLE 2 

Precipitating agent carrier (14 or 4) for serum 
The following impregnating solution is used in the pro- 
cedure analogous to Example 1: 



30 



is prepared for the production of a reagent film in order to 
quantify HDL cholesterol. 

The dispersion is applied as a layer of 300 um thickness 
onto a polycarbonate foil and dried with warm air. The 
reagent coating which results forms a graded blue coloura- 
tion with fluids containing cholesterol depending on the 
cholesterol content. 



35 



40 





remission R % (measurements 


cholesterol 


in the reflection 


concentration 


photometer Reflotron R ) 


0 


70.0 


20 


43.0 


40 


29.0 


60 


22.0 


100 


16.0 



Hepes buffer, 50 mM; pH 7.0 78.00 g 45 

magnesium acetate x 4H 2 0 10. 10 g 

dextran sulphate (MW 50000) 2.57 g 

bovine serum albmin 178 g 

H 2 0 5£8g 

50 

EXAMPLE 3 

Precipitating agent carrier (14 or 4) for blood 
A paper of suitable thickness and absorptivity e.g. tea bag 55 
paper with a weight per unit area of 12 g/cm 2 and a thickness 
of 50 um is impregnated with the following impregnating 
solution: 



EXAMPLE 5 

Fibre mesh 

Mixture of borosilicate glass fibres with a fibre diameter 
of ca. 0.6 um and cellulose fibres with a fibre diameter of ca. 
4 um, preferably in the ratio of 9:1. Weight per unit area ca. 
25 g/m 2 at a mesh thickness of ca. 0.21 mm; ability of the 
mesh to take up water of ca. 370 g/m 2 . 

EXAMPLE 6 

Production of a rapid diagnostic agent (11) for the deter- 
mination of HDL 

If the test construction of FIG. 2 is chosen, the following 
measurements apply for the different layers: 



60 



Hepes buffer, 50 mM; pH 7.0 70.20 g 

magnesium acetate x 4H 2 0 4.78 g ^ — 

dextran sulphate (MW 50000) 2.54 g n 100 x6 mm 

bovine serum albumin 1.60 g J3 5 x 6 mm (borosilicate fleece according to 

H 2 0 7 - 80 S 65 DE-A-3029579. weight per unit area 

— — — — — - — ^ ca £Q g/ m ^) 



